To satisfy the requirements for various electric systems and energy storage devices with both high energy density and power density as well as long lifespan, sodium-ion capacitors (SICs) consisting of battery anode and supercapacitor cathode, have attracted much attention due to the abundant resources and low cost of sodium source. SICs bridge the gap between the batteries and the supercapacitors, which can be used as competitive candidates for large-scale energy storage. In this review, the battery-type anode materials and the capacitor-type cathode materials are classified and introduced in detail. The advantages of various electrolytes including organic electrolytes, aqueous electrolytes and ion liquid electrolytes are also discussed sequentially. In addition, from the perspective of practical value, the presentations of the SICs at the current situation and the potential application in urban rail are displayed. Finally, the challenge, future research and prospects towards the SICs are put forward.
INTRODUCTION
With the increasing consumption of traditional fossil fuels and growing serious environment pollution, the development of clean energy (such as wind energy and solar power) and efficient energy storage systems (ESS) has become more and more important [1] [2] [3] [4] [5] [6] [7] [8] [9] . Commercial lithium ion batteries (LIBs) possessing high energy density ( ) are limited by low energy density (no more than 10 W h kg −1 ) [10, 11] . In the past decades, many efforts have been made to boost the power and energy densities of the batteries and capacitors, respec-tively. For instance, with the advent of electric vehicles (EVs), which require long lifespan (> 10 years) and a high power density (> 1000 W kg −1 ), lithium-ion hybrid capacitors (LICs) combining the features of high energy and high power densities were developed [12] [13] [14] [15] [16] [17] [18] [19] . Compared with SCs and LIBs, LICs combine the advantages of the above two types of energy storage devices. However, the element of lithium on earth is not rich and geographically limited in the worldwide, resulting in the price of lithium skyrocketing with the appearance of EVs. The high cost restricts the large-scale application of LICs in ESS. On the other hand, sodium (Na) has similar chemical properties to Li and abundant resource (2.75% of Na to 0.065% of Li on earth) [20] . Additionally, sodium does not react with aluminum, which makes it possible to replace the expensive copper current collector. Consequently, sodium ion capacitors (SICs) have attracted much attention since 2012 [21] [22] [23] [24] [25] .
The charge storage mechanism of hybrid capacitor is based on reversible anion adsorption/desorption on the surface of the cathode and Na-ion reversible intercalation/de-intercalation in the anode [5, 7] . The SICs generally exhibit higher energy densities from the Faradic reactions of battery-type anode than SCs and higher power densities from the capacitive reaction on the cathode than the batteries. Although SICs can bridge the gap between SCs and batteries, the energy and power densities of SICs are still dissatisfying by the requirements of large-scale ESS at present. The reason is that the radius of Na-ion (1.02 Å) is larger than that of Li-ion (0.76 Å), which results in sluggish Na-ion diffusion and subversive structure changes in electrode materials during the charge and discharge process and reduces the rate capacity and cycling properties [26] . That is to say, SICs devices are in the primary stage of development and still face myriad problems from the electrode materials, electrolytes and practical applications. Nonetheless, the late beginning also means more opportunities and progress should be achieved via solving the complicated questions.
In this review, we summarize the recent progress of SIC devices, which is disserted as following: (1) electrode materials including anode materials (carbon materials, transition metal oxides and compounds, transition metal chalcogenides and nitrides, MXenes, sodium super ion conductor (NASICON) materials and alloys) and cathode materials (porous carbon materials, MXenes and Prussian blue (PB) materials), (2) electrolyte (aqueous, organic and ionic liquid electrolytes), (3) presentation and potential application of the SICs. At the end of the review, we discuss the emerging questions in SICs and put forward our suggestions in responds to the existing problems for the future perspectives.
STRATEGIES TOWARD ELECTRODE MATERIALS OF SICs
The electrode materials play a very important role in the electrochemical properties of SICs. The anode materials of SICs as Na-ion hosts should have expanded lattice spacing, improved surface-controlled pseudocapacitance and reduced diffusion distance to enhance the kinetic behaviors. For example, the carbon materials with heteroatom doping, transition metal oxides and compounds, transition metal chalcogenides and nitrides, MXenes, NASICON and alloys are often involved. As for the cathodes, the materials with the features of high specific surface area and good electrical conductivity are necessary, such as porous carbon, MXenes and PB. In the following part, the developments on the anode and cathode materials during the past several years are described in details.
Battery-type anode materials
Carbon materials Carbon materials are regarded as promising candidates for Na-ion storage, due to their abundance in reserve, excellent electrical conductivity, high chemical stability and adjustable structure [27] [28] [29] [30] [31] [32] [33] [34] . Most studies have focused on disordered carbon with large interlayer distance and numerous voids, which are beneficial to Na-ion insertion/extraction. In addition, some reports also involved the ordered carbon with uniform pore structures, which can contribute to facilitating the ion diffusion. In the early stage of SICs research, the sodium pre-doped hard carbon//activated carbon (AC) device fabricated by Kuratani and co-workers [35] in 2012 was the first report confirming that the sodium pre-doped hard carbon can stand a high current density applicable to capacitors. However, the SICs with the reported hard carbon as anode materials possess a low capacity and voltage, which needs to be further enhanced [36] [37] [38] . Graphite as the typical anode material in Li-based ESS is not suitable for Na-ion intercalation because of unfavorable mismatch between the size of Na-ion and the well-ordered structure [39] . Fortunately, in 2015, Han et al. [40] introduced Na + diglyme co-intercalation method, realizing the reversible Na-ion insertion into graphite. The decent energy and power densities of 93 . After 1000 cycles, the capacitance remained 86.7% of the initial value without water splitting.
Designing porous carbon materials with two dimensional (2D)/3D structure and introducing heteroatom (N, O, S, P) into the carbon network can improve the energy storage performance [29] . In general, the 2D or 3D porous structure can enhance the rapid transportation, migration and diffusion of sodium ions and supply abundant active sites for reactions. Furthermore, the incorporation of heteroatoms can not only provide extra defects, but also contribute to redox reactions, which can facilitate the sodium ion storage. In 2017, sodium storage device based on graphdiyne nanosheets (GDY-NS) electrodes with good electronic conductivity and mechanical properties was designed for the first time by Wang and co-workers [42] , as shown in Fig. 1a and b . Notably, the fabricated GDY-NS//AC based SICs illustrated excellent rate performance and long cycling lifespan, in which the capacitance still retained >90% after 3000 cycles ( Fig. 1c and d). The SICs delivered an energy density of 182.3 W h kg −1 at the power density of 300 W kg −1 and 166 W h kg −1 at 15,000 W kg −1 , which were much higher than that of carbon nanosheets//carbon nanosheets based devices [43] . The layered structure with intramolecular pores of GDY-NS electrode can greatly increase the active sites and promote the fast ion transfer for sodium-ion storage. Recently, Liu and co-workers [44] fabricated the symmetric SICs based on enteromorpha-derived hierarchical porous carbon(EDHPC) electrode materials with a 3D sponge-like network structure through simultaneous activation and carbonization process as shown in Fig. 1e . The X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS) results show that besides carbon, some other elements including N, O and S also coexist in EDHPC electrode with the disordered structure ( Fig. 1f and g ), hierarchical porosity and heteroatom doping, which are beneficial to improving the electrochemical performance. . Reproduced with permission from [42] . Copyright 2017, American Chemical Society. (e) Schematic illustration of the preparation of EDHPC and the fabrication of EDHPC//EDHPC SICs. (f, g) XPS survey spectrum and XRD pattern of EDHPC. (h, i) Charge-discharge curves of two half cells and the EDHPC//EDHPC SICs. (j) Ragone plots of SICs. Reproduced with permission from [44] . Copyright 2018, Springer.
Transition metal oxides and compounds
Besides carbon materials, many transition metal oxides such as V 2 O 5 , MnO 2 , Fe 3 O 4 , MoO 2 , Nb 2 O 5 and TiO 2 . [45, 56] with constructed nanostructures have been explored as pseudocapacitive anode materials, in which the disctinctive microstructures with sizable tunnels can reduce the diffusion pathways of the ions. As reported, the layer-structured V 2 O 5 with large lattice distance of 9.5 Å ((001) plane) has miscellaneous oxidation states, demonstrating obvious pseudocapacitive behavior. Nevertheless, the low electrical conductivity (∼10 , as well as 90% of capacitance retention after 10,000 cycles. Meanwhile, another novel SICs using TiO 2 @CNT@C nanorods as anode and biomass-derived carbon as cathode were fabricated in 2017 [55] . According to scanning electron microscopy (SEM) and high resolution transmission electron microscopy (HRTEM) images ( Fig. 2d and [63] reported the in situ fabrication of NTO NSs on the AC fiber (ACF) through electrospinning, one-pot carbonization, activation and subsequently the hydrothermal process (Fig. 2g ). The electrochemical measurements of the SICs were performed in the potential range of 0-3 V ( Fig. 2h and i). The Ragone plots of SICs based on NTO/ACF//ACF electrodes showed a high energy density of 127.73 W h kg −1 at the power density of 95.79 W kg −1 , higher than that of ACF//NTO and other SCs based on NTO electrodes [58, 60, 62, 64] . The surface-controlled capacitance ratio of NTO/ACF nanocomposites was higher than that of the pure NTO at the same scan rates because of the electric double layer capacitor behavior of the ACF. With the aid of ACF, the transportation and diffusion of Na + can be enhanced. Simultaneously, the structural stability and electronic conductivity of the electrode materials would also be highly improved. In addition, spinel NiCo 2 O 4 was involved in SICs as anode material and exhibited good electrochemical performance. Yang et al. [65] prepared the SICs device by employing pre-sodiated NiCo 2 O 4 as anode and AC as cathode. During the reaction, the pre-sodiated NiCo 2 O 4 electrodes converted to Na 2 O, metallic Ni and Co, which were kinetically beneficial to fast interfacial electrochemical reactions. The SICs delivered the maximum energy and power densities of 120.3 W h kg −1 and 10,000 W kg −1 , respectively, which were 5-9 times higher than other SICs based on NiCo 2 O 4 without pre-sodiation [66] .
Transition metal chalcogenides and nitrides
Transition metal sulfides (MoS 2 and SnS 2 ) with layered structure and large interplanar distance have been applied in energy storage devices in recent years [67] [68] [69] [70] . However, the poor inherent electronic conductivity causes serious polarization and low electrode utilization efficiency. Consequently, optimizing the nanostructure and enhancing the conductivity of the transition metal sulfides are vital and effective to achieve high pseudocapacitive charge storage. For example, the layered SnS 2 has a large interlayer spacing of 0.59 nm in favor of the insertion/extraction of Na + . In 2016, Chauhan et al. [68] synthesized . The 2D layered structure, enhanced electron mobility and synergistic effect of graphene sheets with SnS 2 NSs led to good energy storage performance of the electrode material. Similar to SnS 2 , in 2017, Wang et al. [69] prepared monolayer MoS 2 -carbon (MoS 2 -C) composites with expanded interlayer spacing from 0.62 to 0.98 nm through atomic interface modification method. The pseudocapacitive contribution ratio of the MoS 2 -C electrode was 76.7% at 5 mV s −1 . More importantly, the SICs were prepared with MoS 2 -C as anode and polyaniline derived porous carbon (PDPC) as cathode in 1 mol L −1 NaClO 4 electrolyte, which can get a maximum energy density of 111.4 W h kg −1 , a high power density of 12,000 W kg and a good capacitance retention of 77.3% for 10,000 cycles. Zhao and co-workers [70] also reported an enhanced sodium storage capability enabled by MoS 2 supported on carbon fibers (E-MoS 2 /carbon fibers) with a wide interlayer spacing of 1.34 nm ( Fig. 3a and b) , which was almost twice as large as that of the commercial MoS 2 in 2017. In addition, the structural model of the E-MoS 2 / carbon fibers in Fig. 3c Fig. 3d . The special structure of E-MoS 2 /carbon fibers with the features of shortened ion diffusion pathways, enhanced electron transfer and easily accessible active sites was conducive to improving the capacitive contribution of the electrode materials and the electrochemical performance of SICs.
As an analogue to transition metal sulfides, transition metal selenides have also attracted research attention in SICs. For example, MoSe 2 with the features of layered structure, large interlayer distance (0.64 nm), narrow band gap (1.1 eV) and high theoretical capacity (422 mA h g −1 ) stands out from various candidates [71] . However, the issues of intrinsic inferior electronic conductivity and big volume change hinder the usage of MoSe 2 . To solve these problems, Zhao et al. [72] , respectively. Due to superior electronic conductivity and high pseudocapacitance, the transition metal nitrides are considered as promising electrodes, especially, the VN and TiN [74] [75] [76] . For example, in 2015, Su and coworkers [75] developed a hybrid SC with VN-MWCNT negative electrode and MnO 2 -MWCNT positive electrode in Na 2 SO 4 electrolyte, operated under the potential of 0-1.8 V as displayed in the Fig. 3e . The galvanostatic charge/discharge (GCD) curves displayed nearly triangle shape with good Coulombic efficiency. Meanwhile, the potential drops were not obvious at low currents, demonstrating that the internal resistance of the device was very low. After 1000 cycles, the capacitance retention retained 80%, suggesting a good cycling performance of the SICs. Fig. 3f MXenes 2D MXenes discovered in 2011 are a hot issue with fewatom layered structures that can be reversibly inserted/ extracted with foreign cations as anode materials in SICs. The formula of MXenes is M n+1 X n T n , where M represents the transition metal (Ti, V, Nb, Ta, Cr, Mo), X is C and/or N, T is the surface function group (-OH, -F, -O), and n = 1, 2 or 3 [80] . In the past few years, many studies referred to MXenes as anode materials in SICs due to the expanded d-spacing through selectively etching and further activation processes. For example, in 2014, Wang et al. [81] synthesized Ti 2 CT x with expanded interlayer distance of 7.7 Å (initial value of 6.8 Å) via etching in HF aqueous solution. Then, the intercalation of Na + in the Ti 2 CT x sheets resulted in the interlayer distance further enlarging to 10.1 Å by the first cathodic reaction (Fig. 4a) .
The d-spacing can keep unchanged in the following charge/discharge process, illustrating that the reaction mechanism was based on pseudocapacitance. In addition, HRTEM results also confirmed the change of d-spacing in Ti 2 CT x after reactions ( Fig. 4b and c ). The prepared Ti 2 CT x //Na 2 Fe 2 (SO 4 ) 3 SIC devices showed extremely stable efficiency and cycling properties after the initial cycles, ascribed to the pseudocapacitance behavior of the MXene material as shown in Fig. 4d charged) to prepare porous self-assembled Ti 3 C 2 T x /CNT (Ti 3 C 2 T x /CNT-SA) by electrostatic interaction, in which the interspersed CNTs can significantly avert the MXene NSs restacking in Fig. 4e [84] [85] [86] [87] [88] . Typically, depending on the operated platform po-tential, Na 3 V 2 (PO 4 ) 3 can be employed as both anode and cathode, but NaTi 2 (PO 4 ) 3 generally acts as anode in SICs.
Although the NASICON materials have many advantages, they possess poor electronic conductivity. Many researchers have made great efforts in order to solve this problem in the past few years. For example, in 2016, Thangavel et al. [89] reported SICs with carbon coated Na 3 V 2 (PO 4 ) 3 (C-NVP) as anode and AC derived from cinnamon sticks (CDCs) as cathode. HRTEM image in Fig. 5a demonstrates that the NVP is covered with a layer of carbon, which can facilitate the electrons to transfer into the C-NVP. Fig. 5b and c show that the capacitance of the SICs still retained 95% after 10,000 cycles with the maximum specific capacity of 52.58 F g −1 in the voltage of 0-3 V. Moreover, the Nyquist plots in the initial state and after 10,000 cycles displayed that the contact resistance between the electrode materials and electrolyte increased due to side reactions. But the charge transfer resistance decreased a little after 10,000 cycles, illustrating that the framework was stable and still practicable for reversible ions insertion (Fig. 5d ). In 2017, Thangavel and coworkers [90] also reported NaTi 2 (PO 4 ) 3 anchored on graphene nanosheets (GNTP) composite electrode material. TEM image in Fig. 5e demonstrates that the NaTi 2 (PO 4 ) 3 particles are connected well with the graphene NSs (GNS) layers. When the SICs based on GNTP as anode and GNS as cathode were prepared and tested, Na + ions intercalated into the GNTP and ClO 4 − anions quickly adsorbed on the surface of GNS during the process of charging. On the contrary, Na + ions de-intercalated from the GNTP and ClO 4 − anions desorbed from the GNS in the discharge process (Fig. 5f ). The irregular triangular GCD curves declared that there were two storage mechanisms in the SICs (Fig. 5g ). Furthermore, the SICs with a low performance degradation of ∼0.13% after 1000 cycles provided a maximum power density of 8000 W kg −1 , higher than other reported hybrid capacitors as shown in Fig. 5h [5, [91] [92] [93] [94] [95] [96] . In the work, the presence of GNS can reduce the interfacial charge transfer resistance and buffer volume changes during the sodium ion insertion into the structure, resulting in good stability of the device.
Alloys
Alloys with large theoretical capacities and high electronic conductivity superiorities have attracted much attention for many years. However, the problem of severe pulverization urgently needs to be solved. In order to optimize the properties, Yuan and co-workers [97] prepared 3D porous networks of NaBi anode by pre-sodiating the Bi raw material in Na-ion half cell system during the first 10 cycles in 2018. The fabricated NaBi//AC SICs showed good capacity retention of 98.6% even cycling after 1000 times as well as high energy and power densities (106.5 W h kg −1 and 11,100 W kg −1 ) in 1.5 mol L −1 NaPF 6 diglyme-based electrolyte. The authors also investigated the Na + storage mechanism: the NaBi anode went through the process of NaBi → Na 3 Bi in the first charge process and Na 3 Bi → NaBi → Bi in the following discharge step, and then referred to the reversible reactions of Bi ↔ NaBi ↔ Na 3 Bi. Specially, the volume expansion of the anode was significantly reduced due to the formation of porous NaBi architecture (from 256% to 65.3%), which can obviously shorten the ion diffusion distance, mitigate volume change and thus favor the re-action kinetics.
Capacitor-type cathode materials

Carbon materials
To our best knowledge, the energy storage mechanism of the capacitor-type cathode is usually the adsorption/desorption on the surface of porous materials based on anions. erating potential was up to 4.2 V, much higher than those of LICs and SICs in liquid electrolytes [59, 78, 102] . After 1200 cycles, the capacitance still remained 85% of the initial value, demonstrating excellent cycling performance. In addition, the above mentioned SICs with GNS cathode and GNTP anode fabricated by Thangavel et al. [90] also exhibited good performance with the maximum power density of 8000 W kg −1 and a low capacitance degradation of ∼0.13% after 1000 cycles. Additionally, the commercial AC derived from the coal and petroleum coke has been reported as cathode in many previous literatures. Wang and co-workers [52] studied the electrochemical properties of commercial AC consisting of non-uniform nanoparticles with large surface area of 1350 m 2 g −1 (Fig. 6a ). The commercial AC showed the operating potential of 3.0-4.3 V and stable cycling performance with the specific capacity of 43 mA h g −1 (Fig. 6b and c) .
In view of the shortage of the fossil fuels and the in-creasingly serious problems of the environment, biomassderived AC possessing high surface area, high electrical conductivity, low cost, abundant resources, adjustable pore structure and chemical stability have been studied in recent years, such as peanut shells, rice and fish scales [28, 29, 31, 39, 43, 44, 46, 48, 50, 55, 60, 62, 89, [103] [104] [105] [106] [107] [108] . In 2015, Ding et al. [102] prepared both carbon electrode materials from a single precursor of biomass waste peanut shells for the first time (Fig. 6d) . During the preparation, the peanut shell was firstly divided into the inner and outer parts through roughly grinding. The outer part was transformed into peanut shell NS carbon (PSNC) containing 35.4% mesopores (2396 m 2 g −1 ) as cathode through hydrothermal and subsequently KOH activation processes (Fig. 6e ). The inner part was directly carbonized at 1200°C in argon and then activated at 300°C in air to obtain peanut shell ordered carbon (PSOC) as anode, along with the interlayer spacing (d 002 ) of 3.79 Å. The fabricated SICs delivered high energy and power densities of 201 W h kg −1 and 16,500 W kg −1 (Fig. 6f ), respectively.
Encouragingly, when tested at 65°C, this device exhibited higher power density of 34,000 W kg −1 at the energy density of 60 W h kg −1 . In this work, the researchers investigated that the capacitance of the PSNC came from not only the anions adsorption, but also the pseudocapacitance of the defects and oxygen functionalities. In 2018, Phattharasupakun et al. [109] successfully prepared Jasmine rice-derived hierarchical porous carbon (j-HPC) through a solvothermal method followed by activation processes for the first time ( Fig. 6g and h) . The as-prepared porous carbon had large specific surface area and average pore diameter of 2377 m 2 g −1 and 2.53 nm, facilitating the anions adsorption on the surface of the materials and Na-ion intercalation. When assembled to SICs based on j-HPC electrodes, the device with the working voltage of 1.0-3.8 V displayed the maximum energy and power densities of 116.7 W h kg −1 and 11,121.54 W kg −1 , respectively, higher than those of previously reported EDHPC//EDHPC and NOFC//PSNC systems (Fig. 6i) [44, 108] . These carbon electrodes derived from various biomass materials with low cost, rich reserves, environmentfriendliness and cyclic utilization have the features of porous architecture, large surface area, good electrical conductivity and heteroatom introduction, leading to potential application in sodium-ion storage [27, [29] [30] [31] 39, 40, [42] [43] [44] [101] [102] [103] [104] [108] [109] [110] [111] [112] . As a consequence, we summarized the carbonaceous materials for positive and negative electrodes in SICs in Table 1 .
MXenes
2D MXenes have metallic conductivity and relatively large specific surface area as well as hydrophilia so that they can be used as cathode materials in the SICs. For example, in 2015, Dall'Agnese et al. [36] prepared the V 2 C layered electrode materials from simple etching process and investigated the sodiation mechanism in half cell for the first time. Subsequently, they fabricated a SIC based on V 2 C as cathode and hard carbon (HC) as anode in 1 mol L −1 NaPF 6 organic electrolyte (Fig. 7a ). This SICs with a maximum voltage of 3.5 V showed prospective applications in ESS ( Fig. 7b and c) . In 2017, Zhang et al. [47] prepared Ti 3 C 2 T x NSs with expanded interlayer distance through HF etching and ultrasonic treatment at room temperature, as shown in Fig. 7d and e. For the first time, using Ti 3 C 2 T x as cathode and MnO 2 as anode in Na 2 SO 4 aqueous electrolyte, the researchers assembled the SICs with outstanding rate performance. Even when the current density increased to 250 times of the initial value, the capacity retention still retained 38% (Fig. 7f) . The obtained SIC with a safe SCN-A//SCN-A 1 mol L −1 NaClO 4 0−4 112/12,000 85% over 3000 cycles [43] UTH-CN//AC 1 mol L −1 NaClO 4 0.5−4 110/10,000 70% over 1000 cycles [27] voltage of 0-2.4 V showed superior cycling stability that 95.9% of the capacitance retention and over 90% of the Coulombic efficiency still retained after 450 cycles (Fig. 7g ). This aqueous hybrid SICs based on Ti 3 C 2 T x with expanded interlayer distance and efficient ion transport path are low-cost, safe and easily mass-produced in the future.
Prussian blue PB and its analogues (PBA) with the advantages of 3D open framework, structure stability, large lattice void, high theoretical capacity (e.g., 170 mA h g −1 of Na 2 FeFe-(CN) 6 ) and the low-cost synthesis are good electrode materials for energy storage [113] [114] [115] [116] . PB with cubic crystal structure contains Fe 2+ and Fe 3+ ions on the face-centered cubic lattice in turn ( Fig. 8a) . When the framework structure of PB allows multiple species to occupy the A, P and R sites, the PBA can be obtained. Recently, PB and PBA as cathode materials in energy storage devices have been widely reported [49, [117] [118] [119] . For instance, Lu et al. [49] designed the manganous hexacyanoferrate (MnHCF) material with a specific surface area of 218 m 2 g −1 by a co-precipitation method. When the SICs were prepared based on MnHCF as cathode and Fe 3 O 4 /rGO as anode in Na 2 SO 4 aqueous electrolyte, the devices with the operating potential of 0-1.8 V exhibited high energy and power densities of 43.2 W h kg −1 and 2183.5 W kg −1 as well as 82.2% of the capacitance retention and 99.5% of the Coulombic efficiency after 1000 cycles ( Fig. 8b and c) . Additionally, in 2015, Lu et al. [117] also obtained Cobased PBA framework using Co(NO 3 ) 2 and K 3 Fe(CN) 6 solution by a co-precipitation method. These as-prepared CoHCF with porous network consisted of polydisperse nanoparticles as shown in Fig. 8d . After fabricating SICs by using CoHCF as cathode and carbon micro-spheres (CMS) as anode, a high voltage of 2 V was obtained in Na 2 SO 4 aqueous electrolyte (Fig. 8e ). Furthermore, the fabricated SICs delivered a high energy density (54.4 W h kg −1 at 800 W kg −1 ) and power density (5037 W kg −1 at 37.8 W h kg −1 ) as shown in Fig. 8f . Except for as cathode material, MnHCF can also be used as sacrificial template to produce other hollow structured PBA electrodes due to its high solubility constant (K=1.9×10 −3 ). In 2017, Wang and co-workers [119] synthesized hollow submicrocube CoHCF with extreme challenge in Co(NO 3 ) 2 and MnHCF suspension through the cations exchange method ( Fig. 8g and h) . These prepared hollow submicrocubes with increased surface area (693 m 2 g −1 ) and more available active sites can relieve structural strain during the electrochemical reactions. The fabricated aqueous SICs of CoHCF//AC showed improved working potential window of 0-2 V and power density of 21,100 W kg −1 (Fig. 8i and j) . Given the features of easy preparation, low costs and capability to be used in aqueous electrolytes, the PB and PBA frameworks with vacant spaces and open channels can significantly facilitate the alkali ions transport and have great promise in future ESS.
Other Na-ion based cathode materials Sodium metal phosphates (NaMPO 4 , M represents Ni, Mn, Co and Fe) are prospectively used as cathodes with the characteristics of thermal stability attributing to the maricite structure and high working voltage owing to the inductive effect. For instance, in 2014, Senthilkumar et al. [120] synthesized NaMPO 4 (M= Mn, Co, Ni) by solution combustion processes, respectively. These three as-prepared compounds exhibited different specific capacitances of 368 F g −1 (NaNiPO 4 ), 249 F g −1 (NaCoPO 4 ) and 163 F g −1 (NaMnPO 4 ) at the current density of 2 mA cm −2 in a three-electrode system of 1 mol L −1 NaOH solution. Na 3 V 2 (PO 4 ) 3 (NVP) can be used as both anode and cathode electrodes for SIC, in which one Na ion can easily insert into or two Na ions extract from the NVP host with two distinctive plateaus of 1.6 and 3.4 V, respectively. For example, using porous C/V 2 O 5 composite as precursor, Jian et al. [86] prepared NVP electrode material with improved electrical conductivity through an ambient hydrolysis deposition method. The fabricated symmetric Na-ion pseudocapacitor in NaPF 6 organic electrolyte exhibited the features of high reversibility, high-rate as well as low cost and bridged the performance gap between the batteries and SCs.
In summary, Na-ion based transition metal compounds with 3D porous framework, large-sized tunnels, improved conductivity and cost-effective characteristics can be used as electrodes in sodium ion storage systems. As mentioned above, the chosen Na 0.44 MnO 2 and Na 0.21 MnO 2 with excellent cycling stability and good rate performance have been reported as cathodes in the Ti 3 C 2 T x /CNT// Na 0.44 MnO 2 and rGO//Na 0.21 MnO 2 SICs, respectively [41, 80] . Moreover, the alluaudite-type Na 2 Fe 2 (SO 4 ) 3 with a theoretical capacity of 120 mA h g −1 and a high redox voltage of 3.8 V has been used as cathode to fabricate hybrid sodium ion pseudocapacitor by Zhu et al. [77] . According to this work, it is suggested that other alluaudite-type compounds of Na 2−x M 2 (SO 4 ) 3 (M = Ti, Co, Mn, Mg, V, Ni or VO) are also worthy of being explored as electrode materials for sodium ion storage in the future.
ELECTROLYTES
The electrolytes used in the SIC devices commonly consist of organic electrolytes, aqueous electrolytes and ionic liquid electrolytes. Among these electrolytes, the ionic conductivities of aqueous electrolytes are the highest (up to 1 S cm −1 ). The aqueous electrolytes own the low cost and safe features. However, the electrochemical stable window was limited to 1.23 V due to the decomposition of water [122] . Compared with aqueous systems, organic electrolytes possess wider potential window (∼4 V) because of their higher decomposition voltage, whereas they are not safe with the disadvantages of toxicity, volatility and low flash point (∼80°C) for energy storage devices [122] . Additionally, ionic liquid electrolytes with nonflammability, low-volatility and high ignition temperature (>300°C) other than low conductivity and high viscosity can provide large potential windows and stable solid electrolyte interphase (SEI) film with the absence of dendrites when applied in electrochemical storage systems [123] . Generally, the aqueous systems including acid-based, alkali-based and neutral electrolytes are often involved in recent years [47, 68, 84, 117, [124] [125] [126] . For example, the reported Na 4 Mn 9 O 18 //AC hybrid capacitor system [127] in 1 mol L −1 NaCl aqueous solution displayed stable cycling performance ( Fig. 9a and b) . In 2 mol L −1 Na 2 SO 4 aqueous electrolyte, the fabricated Na 0.21 MnO 2 //rGO SICs [41] displayed an operating voltage of 2.7 V, much higher than other aqueous SICs (Fig. 9c) [47, 68, 84, 127] . It is concluded that the strong bonding of Mn 3+ with adsorbed OH − ions in these SICs can lead to higher overpotential of Mn-based compounds towards water oxidation. In addition, the authors compared the electrochemical performances of the NaMPO 4 (M = Mn, Co, Ni) in various Na-based aqueous electrolytes (Fig. 9d) . The specific capacitances of NaMPO 4 in 1 mol L −1 NaOH aqueous solution were much higher than that in Na 2 SO 4 , NaCl and NaNO 3 solutions, which was derived from the smaller ionic solvation radius of OH − (3.00 Å) than those of NO 3 − (3.35 Å), Cl − (3.32 Å) and SO 4 2− (3.79 Å). Furthermore, the pseudocapacitance reactions in alkali condition also contributed to improve the electrochemical performance [120] . Significantly, the "water-in-salt" electrolyte with high salt concentration has been investigated in recent years. Presently, the organic electrolytes composed of NaClO 4 or NaPF 6 in cyclic carbonate esters (PC and EC) and linear carbonates (EMC, DMC and DEC) with a certain ratio have been widely used in SICs [28] [29] [30] 42, 48, 52, 101, 108, 110, 112] . Additionally, 5% fluoroethylene carbonate (FEC) as additive was frequently added into the above organic systems, which can contribute to improving passivation and suppressing the side reactions ( Fig. 9e and f) [72, 106] . In these systems, Na + cations were stored through insertion process and ClO 4 − /PF 6 − anions were adsorbed on the surface of the cathode, simultaneously. The ionic liquid electrolytes with various advantages are highlighted in the research of SICs in spite of their high viscosity and low conductivity [100, 128, 129] . When used at high temperature below the melting point of sodium (98°C), their disadvantages can be effectively alleviated. Fig. 9g shows the GCD curves of the SICs [100] based on Li 4 Ti 5 O 12 as anode and AC as cathode with 0.8 mol L −1 sodium bis(fluorosulfonyl)imide (Na-TFSI) in 1-methyl-1-propylpyrrolidinium bis(trifluoromethylsulfonyl)imide (PMPyrr-TFSI) electrolyte. The SIC devices operated from 1.0 to 4.0 V at the current density of 25 mA g −1 and achieved 69% capacitance retention after 1500 cycles. However, the cycling stability is barely sa- EC/PC) ( Fig. 9h) [54, 59] .
PRESENTATION OF SICs AND THEIR POTENTIAL APPLICATIONS
Generally, there are three types of SICs: coin, pouch and flexible packaging. The liquid and quasi-solid-state electrolytes both can be used in the flexible packaging cells. Specially, the common quasi-solid-state electrolyte in SICs was based on poly(vinylidenefluoride-hexafluoropropylene) (P(VDF-HFP)) [60, 62, 101] . Briefly, the P(VDF-HFP) was firstly dissolved in the mixture of dimethyl formamide (DMF) and distilled water with a certain ratio. The solution was cast onto a clean glass plate and then immersed into hot water to obtain a homogeneous white membrane. After being dried in the vacuum, the white membrane was finally soaked in the organic electrolyte to get the quasi-solid-state electrolyte.
Additionally, other cellulose-based quasi-solid-state electrolytes can be also used in SICs [130] [131] [132] . In the preparation, hydroxyethyl cellulose (HEC), polyethylene oxide (PEO) and sodium perchlorate (NaClO 4 ) were first dissolved in deionized water, followed by adding silicon dioxide (SiO 2 ). Then the solution was transferred into a Teflon petri dish and dried to form a cellulose-based membrane (HEC-PEO).
After the successful fabrication of SICs based on various electrode materials and electrolytes with high electrochemical performance, the practical use should be considered. However, the application field of the SICs was less reported except for powering the LED lamps and fans [40, 52, 58, 62] . As shown in Fig. 10a and b, the LED bulb and fan were powered by a GDY-NS//AC coin SIC and a graphitic mesocarbon microbead (MCMB)//AC SIC with hard aluminum shell, respectively [40, 42] . Fig. 10c presents a table lamp lighted by a flexible all-solid-state Na 2 Ti 3 O 7 //PSC SIC [62] . Additionally, the SICs with high energy and power densities can be hopefully applied in EVs and urban rail transports. As an example, regenerative braking energy of urban rail transport can be Figure 10 (a-c) The LED bulb, fan and table lamp were powered by coin, pouch and flexible all-solid-state SICs (from left to right). Reproduced with permission from [42] , [40] and [62] . Copyright 2017, American Chemical Society; Copyright 2015, Elsevier and Copyright 2016, American Chemical Society, respectively. (d, e) Schematic diagram of ESSs operation in urban rail on-board and way-side. Reproduced with permission from [133] . Copyright 2013, Elsevier. efficiently stored in the ESS, which can be designed onboard or way-side [133] . During the braking process, the energy was collected and stored in the on-board ESS, which can be employed to charge the vehicle itself when it was accelerating as shown in Fig. 10d . Similarly, the regenerative braking energy obtained from one vehicle can be conveyed to the way-side ESS momentarily, and then used on any vehicle that needs to accelerate as shown in Fig. 10e . This application can decrease the power peak value demanded in the acceleration and save energy cost, significantly.
CONCLUSIONS AND OUTLOOK
In this review, the latest development of SICs has been systematically summarized. We first classify the frequent electrode materials for the anode and cathode and then sum up the approaches to improve the electrochemical performance from the aspects of lattice distance, heteroatom doping, specific surface area and electronic conductivity. Notably, heteroatom modification can enhance the wettability of the voids, which is beneficial to the contact between the electrolyte and the electrode and delivering pseudocapacitive behaviors. At the same time, some micro/nanostructured materials can reduce the distance of Na-ion transport, effectively improving the reaction kinetics. Moreover, incorporating carbon materials into the electrodes contributes to boosting the electronic conductivity. Meanwhile, the respective working conditions of the electrolytes as well as the presentation and potential application of the SICs in urban rail transport are also introduced in detail.
Although some progress has been made in SICs, there are still some shortcomings to be solved. For example, one major challenge is how to overcome the sluggish diffusion behavior of Na-ion to balance the kinetics with cathode adsorption/desorption. Consequently, further research emphasis should be paid attention to as follows:
(i) Although there are many anode materials used in SICs, the electrochemical performance is far behind the demands of practical application. Developing new hosts with large lattice space available for Na + ions insertion as well as 3D nanostructured arrays germinated on the current collectors without binders or additives are extremely urgent.
(ii) Besides, the SICs designed with both carbon-based anode and cathode prospectively supply good electrochemical properties due to good electronic conductivity, mesoporous structures and high specific surface area. Moreover, developing the biomass-derived carbon electrodes can not only decrease the material costs but also promote waste recycling.
(iii) The high energy density is mainly derived from high voltage, which is dependent on the working potential of the electrolyte. It is worth noting that ionic liquid electrolytes possess high voltage and relatively safe features. Different conjugation of anions and cations may improve the ionic conductivity and potential window of the ionic liquid electrolytes. Meanwhile, the SICs can be well used in a wide range of temperature. Additionally, the "water-in-salt" electrolytes that can get rid of the limitation of water electrolysis should be optimized to achieve higher voltage.
(iv) The flexible SICs will be a promising filed in the future, which can be used in our daily life. However, the corresponding reports are few according to the current situation. As a consequence, more attention should be paid to the all-solid-state gel sodium-containing electrolyte and flexible substrates.
(v) At the moment, the application of the SICs are primarily concentrated on lighting LED lamps. Whereas, the integration of the SICs with other sensors, detectors and energy harvester is important for achieving more practical values. In this respect, taking more effort on the integration can efficiently stimulate the development of the SICs.
(vi) Despite the rapid development of materials science, the theory calculations should be enhanced in the field of SICs, which can contribute to establishing models and providing more convincing evidence for the experimental results, simultaneously. 
